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PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F20 

b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II 

d.  SUBSYSTEM: Tracker Alignment System e. HAZARD GROUP: Injury/Illness f. DATE: March 31, 2006 

i. HAZARD CATASTROPHIC X
g.  HAZARD TITLE: Crew Exposure to Coherent Light 

CATEGORY: CRITICAL  

h.  APPLICABLE SAFETY REQUIREMENTS: NSTS 1700.7B and ISS Addendum, 200.1b, 212.3 

j.  DESCRIPTION OF HAZARD: 

 

Operation of the Laser for the Tracker Alignment System makes use of coherent light 
pulses.  Should these irradiate the Crew, there is a potential for ocular damage. 

 

k. CAUSES 

(list) 

1.  Laser Power Output Exceeds Design Capability 

2.  Loss of Beam Path Containment and Integrity 

 

 o.  APPROVAL PAYLOAD ORGANIZATION SSP/ISS 

  PHASE I   

  PHASE II   

  PHASE III   
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l. HAZARD CONTROL (CONTROL), m. SAFETY VERIFICATION METHODS (SVM), n. STATUS OF VERIFICATIONS (STATUS) OPS 
CONTROL 

1. CAUSE:  Laser Power Output Exceeds Design Capability  

1.1 CONTROL:  The Tracker Alignment System (TAS) generates laser energy from ten independent laser diodes, pairs of 
the diodes contained within five Laser Fiber Coupler (LFCR) boxes.  This energy is generated by Eagleyard EYP-RWL-
1083 infrared (1083 nm) laser diodes with a maximum power output of 80 mW.  Each laser will emit at a 1 Hz interval with 
a 4 µs pulse duration when operating.  Each laser diode’s emissions are split into four output fibers, each with 
approximately one quarter of the total power output.  The operation of the TAS consists of less than 1% of the AMS-02 
operational time.  The LFCR boxes are light tight and can not release any laser emissions with the exception of the fiber 
ports where laser emission are nominal design features. 
 1.1.1 SVM:  Review of design. 
 1.1.2 SVM:  Inspection of as-built hardware. 
 1.1.1 STATUS:  Open 
 1.1.2 STATUS:  Open 

 

1.2 CONTROL:  The laser energy is carried from the LFCR boxes by fibers that interface with the LFCR by way of FC-
type connectors.  These fibers are routed from the M-structure mounted LFCR boxes to the rim of the outer tracker plate 
where there are subminiature fiber-fiber connectors.  From these connectors the fibers are routed to the beam port boxes 
(positioned within the tracker at the “top” and “bottom” of the tracker.  The connectors are securely held in place and 
should there be a release of a fiber, either through connector failure or fiber breakage, the NOHD for the laser energy has 
been established to be 1 inch.  The fibers are routed under the MLI of the AMS-02 and are not exposed to the exterior 
environment.  
 1.2.1 SVM:  Review of design. 
 1.2.2 SVM:  Inspection of as-built hardware. 
 1.2.3 SVM:  Laser Safety Analysis 
 1.2.1 STATUS:  Open 
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 1.2.2 STATUS:  Open 
 1.2.3 STATUS:  Open 

2.  CAUSE:  Loss of Beam Path Containment and Integrity  

2.1 CONTROL:  The connectors used by the TAS at the LFCR are FC-type and will not inadvertently release.  The fiber 
optics cables are restrained. 
 2.1.1 SVM:  Review of design. 
 2.1.2 SVM:  Inspection of as built hardware. 
 2.1.1 STATUS:  Open 
 2.1.2 STATUS:  Open 

 

2.2 CONTROL:  The connectors to make fiber to fiber connections are clamped subminiature fiber connectors.  The 
connectors are attached to Patch Panels at the rim of the tracker plate, restraining the fibers and connectors. 
 2.2.1 SVM:  Review of Design 
 2.2.2 SVM:  Inspection of as built hardware 
 2.2.1 STATUS:  Open 
 2.2.2 STATUS:  Open 

 

2.3 CONTROL:  Fibers are fixed within the beamport boxes by use of standard fiber connectors to provide careful 
alignment with the optics of the beamport boxes. 
 2.3.1 SVM:  Review of Design 
 2.3.2 SVM:  Inspection of as built hardware 
 2.3.1 STATUS:  Open 
 2.3.2 STATUS:  Open 

 

2.4 CONTROL:  Fibers that interconnect the LFCR, patch panels and beamport boxes are Corning HI 1060RC type with 
cladding (0.08mm diameter) and jacket (diameter 0.165 mm).  In addition the fibers are “armored” with Nylon (diameter 
0.9 mm).  Routed fibers are bundled in standard braided installation sleeves and fixed with tie wraps to cable fixation 
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points.  Cable routing considers the minimum bending radius of the individual fibers and bundled fibers, 20 mm and 40 mm 
respectively. 
 2.4.1 SVM:  Review of Design 
 2.4.2 SVM:  Inspection of as built hardware 
 2.4.1 STATUS:  Open 
 2.4.2 STATUS:  Open 

2.5 CONTROL:  Laser beams are emitted across the interior of the Tracker.  The Tracker is designed to be light tight, and 
vent ports are specifically designed to preclude the entry and exit of light. 
 2.5.1 SVM:  Review of Design 
 2.5.2 SVM:  Inspection of As Built Hardware 
 2.5.1 STATUS:  Open 
 2.5.2 STATUS:  Open 

 

NOTES: 
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ACRONYMS 

AMS-02 – Alphamagnetic Spectrometer MLI – Multilayer Insulation 

ANSI – American National Standards Institute mm – millimeter 

CFC – Carbon Fiber Composite mW – milliWatt 

CW – Continuous Wave nm – nanometer 

Hz – Hertz NOHD – Nominal Ocular Hazard Distance 

LASER – Light Amplification by Stimulated Emission of 
Radiation 

OD – Outer Diameter 

LBBX – Laser Beamport Boxes Si – Silicon 

LDDR – Laser Diode DriveR TAS – Tracker Alignment System 

LFCR – Laser Fiber (Fibre) Coupler TRD – Transition Radiation Detector 

LFIB – Laser Fibers (Fibres)  
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System Feature Control Type Verification method 
Laser light sources generated within five light tight boxes exterior to the Tracker, mounted to 
the M-Frame.  Each box contains two lasers diodes that operate at: 

•  1043 nm  
•  1 Hertz pulse frequency 
•  4 nanosecond pulse duration.   
•  80mW continuous operation power (not an operations mode supported on AMS-02) 
•  4 x 10-3 Duty Factor 

DESIGN Review of Design 
Inspection of As Built Hardware 

Software control of the laser diodes allows only two diodes to be firing simultaneously Not  Directly 
Relevant to Safety 
Controls 

Safety Controls provide for control 
of continuosly powered lasers 
without threat, an operational 
mode that can not occur in the 
AMS-02 TAS Design 

Within each laser source box, the emissions from the two laser diodes are split into four beams, 
each with approximately 20mW of power if the lasers were to be continuously powered.  Each 
of these split beams is guided by a single fiber matched and bundled and taken to a FC-type 
connector.  
Internal optics misalignment or fault results in no laser emission through fiber and contained 
beam. 

CONTAINMENT Review of Design 
 
Inspection of As Built Hardware 

Outside of the box fiber optics cables connected with a FC-type Connectors contain and direct 
the laser energy, with a single fiber per split beam.  All fibers are routed the laser energy from 
each box to the interior of the Tracker.  The fibers are split between the top and bottom of the 
Tracker and terminate at five beam ports.  Each beam port takes the energy from four fibers 
and directs it along the central axis of the Tracker to illuminate the silicon sensors. 

CONTAINMENT Review of Design 
 
Inspection of As Built Hardware 

Tracker volume is design to be light tight, including shielded vents that preclude exterior light 
from entering, or interior laser sources from exiting.  Tracker Structure acts as beam stop if 
misalignment occurs. 

CONTAINMENT Review of Design 

Rupture/breakage of fiber path.  System is design to minimize the potential for breakage (clad, 
jacketed and armored fibers that are bundled within a sleeve).  Routed under the MLI of the 
AMS-02.  Should a broken fiber be exposed and allowed to emit, the NOHD has been 
established to be 1 inch. 

DESIGN Review of Design 
Inspection of As Built Hardware 
Laser Safety Analysis 
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Laser Diode Specifications 

 



 

A
.20-8 

JSC
 49978

 

Laser Diode Output Classification (CW and AMS-02 Operational) 
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GRAPHIC OF VENTING PATHS AND LIGHT TRAP OF AMS-02 Tracker Volume 
 
 

 

 

Tracker Volume vents designed to preclude light passage 

(Laser path down center of Silicon Sensor Planes, Filter mesh not shown in Tracker Vent Trap) 
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Figures not republished with new assessment to ANSI Z 136.1 
(2000) Previously published figures referenced. 

 

Those figures are provided in the following pages 
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